Psoriasis is a chronic inflammatory disease with a prevalence of about 2-3% (1), corresponding to approximately 200,000-300,000 individuals in Sweden. Between 7% and 30% of patients with psoriasis have psoriatic arthropathy (PsA) (2, 3) .
The cost per patient depends largely on the severity of the disease (4) (5) (6) (7) (8) (9) (10) (11) . The majority of patients have mild psoriasis which is treated with topical treatments, with a limited need for health care visits. About 10,000 individuals in Sweden with moderate to severe psoriasis use systemic treatments requiring regular health care visits to manage the disease. Several systemic treatments are available, the most common of which is methotrexate. In 2004 the first biologic systemic treatment was introduced in Sweden for patients with moderate to severe plaque psoriasis (12) . Biologics for psoriasis now include the tumour necrosis factor (TNF)-α inhibitors etanercept, adalimumab, infliximab and the interleukin inhibitor ustekinumab. The introduction of biologics has provided additional treatment options for the moderate to severe psoriasis patients, but they have also put a higher pressure on health care budgets.
As psoriasis is a chronic systemic disease with high prevalence, it is associated with high health care and societal costs (13, 14) . Psoriasis is associated with several costly comorbidities such as depression, obesity and cardiovascular disease (15) (16) (17) (18) (19) (20) . Psoriasis has a considerable impact on health-related quality of life (21) (22) (23) .
Productivity loss due to psoriasis has been estimated to 2-26 days/patient per year, depending on the setting, severity and methods used (6, (24) (25) (26) (27) . Treatment with biologics has resulted in decreased absence from work in psoriasis patients (28) (29) (30) , but the findings are often limited to clinical trials. Knowledge about productivity loss in patients with psoriasis in a Swedish setting is limited (10, 11) .
The introduction of a medical technology such as biological treatment for psoriasis may have effects on other health care resource use and productivity loss. The objective of this study was therefore to estimate costs of patients with psoriasis identified in Sweden in 2006 and 2009 and to analyse changes in costs between these years.
MATERIALS AND METHODS

Study patients
Individuals with psoriasis were identified in 2 registers at the National Board of Health and Welfare: 1) the National Patients Register (NPR) by the diagnostic code for psoriasis (ICD-10 L.40) as primary or secondary diagnosis, and 2) by the ATC code for topical drugs with calcipotriol/calcipotriol combinations (ATC: D05AX02, D05AX52) in the Prescribed Drugs Register (PDR). Calcipotriol/calcipotriol combinations are used exclusively for psoriasis. The study populations were identified separately for the years 2006 and 2009. Date of death was retrieved from the cause of death register if patients died during the study period.
Controls
Productivity loss was estimated as the difference in long-term sick leave and disability pension compared to matched controls selected from the general population. Cases were matched to 5 controls on sex, age and municipality of residence.
Direct costs
Health care visits due to psoriasis were retrieved in NPR with the diagnostic code for psoriasis as primary diagnosis, including outpatient and inpatient specialist care. Secondary diagnoses with psoriasis were excluded as the resource use of such was assumed to mainly be associated with another diagnosis. The price list from the northern health care region for specialist care visits at the dermatologic clinic was used. Drug costs were retrieved from the PDR, where each individual prescription is registered. Both costs paid by the patient and subsidies paid by the county council were included. Drugs relevant for treatment of psoriasis included the WHO classified ATC-categories "D05 antipsoriatics for topical use", "D02 emollients and protective", "D07 corticosteroids, dermatological preparations" and drugs with the indication psoriasis under "L04 immunosuppressants", including the biologic TNF-α inhibitors and interleukin inhibitor. The PDR does not include drugs received as infusions at hospital and purchased by clinics. The registration of infliximab was thus incomplete.
The PDR does not contain information on indication for the prescription. Biologics may thus have been prescribed for indications other than psoriasis in the identified psoriasis patient population. In addition to plaque psoriasis and PsA, some of the included biologics may be prescribed for rheumatoid arthritis (RA), ankylosing spondylitis, juvenile arthritis, oligoarthritis, polyarthritis, Crohn's disease, and ulcerous colitis. Linking patient level data in the PDR and the NPR, however, allowed for an estimation of the proportions of costs of biologics that were prescribed for psoriasis, PsA, and other diagnoses. first, the costs of biologics that were prescribed from dermatologic clinics were calculated. Second, the biologics prescribed for patients with a registered PsA diagnosis in the NPR as primary or secondary diagnosis were identified. The costs for biologics for these PsA patients that were not prescribed from a dermatologic clinic were calculated. finally, the cost of biologics that were not prescribed from either a dermatologic clinic or for patients with a registered PsA diagnosis were calculated.
Productivity loss
A societal perspective was used as recommended by the Dental and Pharmaceutical Benefits Agency in Sweden (31) . Indirect costs were estimated as the difference in productivity loss among patients with psoriasis compared to the matched controls. Data was retrieved from the longitudinal integration database for health insurance and labour market studies (LISA) register in 2006 and 2009.
Estimates of productivity loss were based on the human capital approach. Productivity loss included net days of sick leave and net months of disability pension for individuals who were assumed to be of working age, between 18 and 64 years old. We did not have data on disability pension for individuals < 30 years old. LISA contains all periods of sick leave ≥ 14 days recorded in national registers. Therefore 14 days were added to net number of sick leave days for individuals that started a period of sick leave in 2006 and 2009, respectively, to obtain the total long-term sick leave.
The unit costs of a day on sick leave and a month of disability pension was based on official statistics of mean monthly wages based on sex and age groups (18-24, 25-34, There is no information in the LISA register about diagnosis for which patients were on sick leave or on disability pension. The indirect cost of psoriasis patients who had a registered diagnosis with PsA as a primary or secondary diagnosis in the NPR was calculated and reported in a diagram as a proportion of the total indirect costs.
Subgroup analysis
The mean direct and indirect cost per patient was analysed in 3 subgroups of treatment type: patients who were treated with 1) biologics during the year, 2) non-biologic systemic agents, and 3) topical agents and no systemic treatments. Patients registered in the NPR with a psoriasis diagnosis, but no psoriasis drugs registered in the PDR, were also included in the latter group of topically treated patients. Mean direct and indirect costs per patient were presented for the different treatment subgroups. Note that the mean indirect cost per patient by treatment groups includes the total identified population the particular year, even though the indirect costs were derived from patients who were between 18-64 years old.
Inflation adjusted costs
In the main analysis, all costs in 2006 were inflation-adjusted to the 2009 price level using consumer price index (CPI) in main results (a price level increase of 5.44%). In a sensitivity analysis a health price index was used based on change in wages and prices calculated by the Swedish Association of Local Authorities and Regions (a price level increase of 9.58%) for direct costs and by a wage price index from Statistics Sweden (a price level increase of 11.6%) for productivity loss.
Statistical analysis
The mean direct and indirect costs per patient between treatment groups in 2006 and 2009, respectively, were tested for statistical significant differences using t-tests.
When comparing cases and controls in the analysis of productivity loss, differences in the occurrences of sick leave and disability pension and the number of days in unemployment between cases and controls were tested. The difference in the number of days of unemployment between cases and controls was tested as it may affect the number of possible days of sick leave and disability pension. T-test were used with p-values < 0.05 for statistical significance.
Statistical analysis was performed using Stata Statistical Software: Release 11.2. College Station, Texas, USA.
This research has been approved by the Umeå Ethical Review Board, Sweden.
RESULTS
Almost half of the total study populations were identified by the use of calcipotriol in the PDR in both 2006 and 2009, respectively (Table I) . About a third was identified from the NPR only (primary or secondary psoriasis diagnosis), and the remaining about 20% were identified in both registers. Individuals who died during the analysed years were included (2006: n = 502, 2009: n = 610).
Direct costs
The number and type of health care visits with a primary psoriasis diagnosis was similar in 2006 and 2009. The majority of patients, about 58%, had no registered visit, 13% had one visit only, and the remaining 29% had 2 or more visits, both years. Health care visits were mainly in outpatient care; only 1% of patients used inpatient care. The mean (SD) inpatient stay decreased from 9.5 (8. (Table SI  1 ). The decrease in the 3 treatment groups were 3%, 24%
and 7% for biologically, non-biologically, and topically treated patients, respectively. The number of days of sick leave and months of disability pension (Table II) (Table II) .
Indirect costs
In the sub-group of biologically-treated cases how ever, the change in sick leave was 27.6 days, a 58% decrease in number of days, whereas their controls decreased with 5.6 days, 14%. In addition, disability pension decreased more among biologically treated cases than among controls: 0.53 months (16%) compared to 0.11 months (10%) (data not shown). The mean indirect cost per patient decreased in all treatment groups. The mean indirect cost per patient decreased by 27%, 25%, and 14% for biologically, non-biologically, and topically treated cases, respectively (Table SI  1 ) .
Sensitivity analysis
Year A strength of this study was that costs were estimated based on individual-level data from national registers which allowed for linkage of data and the possibility to identify a broad psoriasis population, including patients with milder disease. The advantage of using registers compared to self-reported data is the avoidance of recall-bias, which is often a major limitation in retrospective observational studies. Moreover, the register data also allowed for estimation of productivity loss among patients with psoriasis compared with controls from the general population matched on demographic and regional characteristics. The strength of this approach is that the incremental cost for patients with psoriasis included productivity loss in patients with psoriasis, including productivity loss associated with comorbidities.
Whereas the advantages of register-based research are relatively fast and inexpensive access to large sets of data, the disadvantage of this top-down approach is the lack of detailed information. Drug costs may have been overestimated if some of the included drugs were prescribed for indications other than psoriasis. On the other hand, drug and treatment costs may have been underestimated. first, out-of-pocket costs for moisturisers, which can be a large expense for psoriasis patients, as well as patients' travel expenses were not included in this study. Second, it was beyond the scope of this study to apply visit specific costs and we may underestimate costly procedures such as phototherapy or costs for diagnostics. Third, only about 80% of specialist outpatient care visits have a diagnosis code registered in the NPR (33) , which may have underestimated this cost category. fourth, national primary care data is not available in Sweden, which is a limitation as most patients with psoriasis have a mild form of the disease. finally, indirect costs may have been underestimated because of the lack of information of short-term absence and of disability pension for individuals <30 years old.
The PDR does not contain the diagnosis for the prescription. The linkage between national registers enabled us to overcome the lack of information about diagnoses in the PDR to some extent. In the present study of patients Information about what diagnosis patients received while on long-term sick leave or disability pension is not included in the LISA register. In the present study, psoriasis patients with PsA (17% and 18% of the total study population in 2006 and 2009, respectively) accounted for about half of the indirect costs.
The mechanism behind psoriasis and the development of comorbidities in patients with psoriasis is unclear and it was beyond the scope of this study to determine whether costs were a consequence of psoriasis itself or of comorbidities related to psoriasis.
Various indexes can be used in inflation-adjusting prices. In the sensitivity analysis, prices were inflationadjusted for direct costs (health care price index) and productivity loss (wage price index), which resulted in higher costs in 2006 and thus a downward trend for total costs between 2006 and 2009. Prices in the health care sector as well as wages have increased more rapidly than the general inflation and therefore one could argue that health care price index for direct costs and with wage price index for productivity loss are more appropriate than the CPI. When applying a societal perspective, however, one can argue that the CPI is more adequate, as one would like to know what the money spent on health care for psoriasis in 2006 could be used for in any part of the economy in 2009.
The estimated mean cost per psoriasis patient varies depending on the severity of disease, the extent of using of biologics, health care structure in the country, the year analysed, as well as the methods and costing perspective applied (4) (5) (6) (7) (8) (9) . Two recent studies in Sweden estimated the mean cost per patient in specialist care. ghatnekar and colleagues (10) estimated the monthly direct and indirect cost to €776 and €218 per month in 2009 (approximately equal to €9,312 and €2,616, respectively, for 12 months). Ekelund and colleagues (11) estimated the annual direct cost per patient to €2,169 and the indirect cost to €1,230 in 2010. The difference in direct cost may be explained by the exclusion criteria of patients with biologics in the latter study. furthermore, the former study was based on resources used during one month during the fall/winter when psoriasis of the skin tends to flare. Subsequently, patients would be inclined to seek more health care than during other seasons.
By comparison, our estimates of the direct and indirect mean costs per patient were €878 and €3,093, respectively, in the total patient population in 2009. The difference in direct costs can be explained by the lack of data to include some costs of drug and procedures, but also because of the broadly identified psoriasis population in our study, that included milder cases of psoriasis to a larger extent. Our estimates of indirect costs exceeded the direct costs, which is in contrast to previous results. The difference in indirect costs to previous research is likely due to the difference in methods used. We estimated productivity loss as the incremental costs compared to matched controls, which resulted in higher costs of productivity loss, including that of comorbidities in patients with psoriasis.
We found no other register-based study of the total cost of patients with psoriasis in Sweden. Neovius (34) showed that the total productivity loss for rheumatoid arthritis was SEK 2.3 billion (~ €0.26) compared to the general population in 2007 (n = 25,551). Individuals had a mean of 150 days of productivity loss, compared to about 89 days (26 + 2.1 × 30) in 2006 and 74 days (17 + 1.9 × 30) in 2009 in this study. In accordance with our study, productivity loss was larger than drug costs and health care visits.
This study provides new information about the costs associated with the chronic disease psoriasis in Sweden. Although total direct costs, especially for biologic agents, are increasing for psoriasis, this study suggests that productivity loss still constitutes the largest part of total costs in patients with psoriasis. As productivity loss decreased to a larger extent among biologically-treated patients than among their matched controls, this study indicates that the introduction of biologics have contributed to the decrease of productivity loss. Treatment patterns, costs, and eligible patient populations are likely to change as bio-similars are introduced. future intermittent studies should therefore analyse how biologics in psoriasis may affect the longterm health care resource use and productivity loss.
